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Abstract The hypothalamic–pituitary–adrenal (HPA)
axis seems to play a major role in the development, elici-
tation, and enhancement of aggressive behavior in animals.
Increasing evidence suggests that this is also true for
humans. However, most human research on the role of the
HPA axis in aggression has been focusing on highly
aggressive children and adolescent clinical samples. Here,
we report on a study of the role of basal and acute HPA
axis activity in a sample of 20 healthy male and female
adults. We used the Taylor Aggression Paradigm to induce
and measure aggression. We assessed the cortisol awak-
ening response as a trait measure of basal HPA axis
activity. Salivary free cortisol measures for the cortisol
awakening response were obtained on three consecutive
weekdays immediately following awakening and 30, 45,
and 60 min after. Half of the subjects were provoked with
the Taylor Aggression Paradigm to behave aggressively;
the other half was not provoked. Acute HPA axis activity
was measured four times, once before and three times after
the induction of aggression. Basal cortisol levels were
signiﬁcantly and negatively related to aggressive behavior
in the provoked group and explained 67% of the behavioral
variance. Cortisol levels following the induction of
aggression were signiﬁcantly higher in the provoked group
when baseline levels were taken into account. The data
implicate that the HPA axis is not only relevant to the
expression of aggressive behavior in clinical groups, but
also to a large extent in healthy ones.
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Introduction
Aggressive behavior is a natural and adaptive phenomenon,
but can be problematic to the society if it is exaggerated,
persistent or expressed out of context (Nelson and Trainor
2007). Aggression may be deﬁned as ‘‘any form of behavior
directed toward the goal of harming or injuring another liv-
ing being who is motivated to avoid such treatment’’ (Baron
andRichardson 1994,p.7)andisoneofthe mostresearched
topics in psychology (Hennig et al. 2005). One promising
system believed to be involved in aggressive behavior is the
hypothalamic–pituitary–adrenal (HPA) axis and especially
its end product, the glucocorticoids. The HPA axis seems to
play a causal role in the formation and escalation of
aggressive behavior in rodents. Both acute and basal HPA
axis activity have been shown to inﬂuence aggressive
behavior in rats (Kruk et al. 2004). Kruk et al. (2004) iden-
tiﬁedapositivefeedbackcycle,inwhichtheactivationofthe
HPA axis causes enhanced aggressive behavior, which in
turnfurther activatestheHPAaxis.Lowbasalactivityofthe
HPA axis in rats, however, is causally involved in abnormal
forms of aggressive behavior (Haller et al. 2004). Several
studies have conﬁrmed the relationship of the HPA axis and
aggressive behavior in humans, as well.
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aggression has become evident for example in depressed
patients: those patients who have a hyperactive HPA axis
are more likely to commit suicide compared to those with a
normally regulated HPA axis (Coryell and Schlesser 2001).
Evidence for an association between aggressive behavior
and acute HPA axis activity has also come from experi-
mental studies. In healthy adults, increases in cortisol
levels following a laboratory aggression paradigm were
associated with the amount of aggressive behaviors shown
within that task (Gerra et al. 2001a, b, 2004, 2007). These
increases were also apparent in subjects high in trait
aggression (Gerra et al. 1997). These results, however,
could not always be replicated (Berman et al. 1993). Thus,
while there is some evidence of an acute enhancement of
HPA axis activity following aggression in healthy adult
males, further replication is needed.
Several studies have focused on the relationship
between basal HPA axis activity and aggressive behavior.
However, most of this research has centered on male
children and adolescents with externalizing behavior
problems. There is evidence that children with externaliz-
ing problems display lower basal cortisol levels than their
respective control groups, and basal cortisol levels are
negatively related to externalizing behavior (Alink et al.
2008). Age seems to be a signiﬁcant moderator of this
relationship, as this pattern was only observed in school-
aged children in this meta-analysis. However, children with
externalizing disorders not only display enhanced aggres-
sive behavior, but also non-aggressive disruptive behaviors
(Hinshaw 1987). Other studies focusing solely on aggres-
sive behavior and basal HPA axis activity have also
reported an inverse relationship (McBurnett et al. 2000;
Oosterlaan et al. 2005; Pajer et al. 2001; van de Wiel et al.
2004; van Goozen et al. 1998), though some found no
relationship (van Bokhoven et al. 2005; van den Bergh
et al. 2008). Interestingly, only a few studies on this topic
have been conducted in adults. The available ﬁndings
indicate that habitually violent offenders (Virkkunen 1985)
and males with antisocial personality disorder (Bergman
and Brismar 1994) have lower basal cortisol levels.
One reason for these divergent results may be method-
ological differences in the assessment of basal HPA axis
activity. Researchers working with humans measure basal
HPA axis activity mostly by taking a single measurement
of cortisol levels in the morning (Pajer et al. 2001), in the
afternoon (Gerra et al. 2001b), or without controlling for
time of measurement (McBurnett et al. 2000). To measure
trait aspects of HPA axis activity, it is generally better to
measure cortisol levels in the morning since they are high
(Levine et al. 2007) and more genetically inﬂuenced than
afternoon or evening levels, which are mostly driven by
situational factors (Schreiber et al. 2006;W u ¨st et al.
2000a). Increasingly, researchers use the cortisol awaken-
ing response, a surge in cortisol levels following awaken-
ing, as an index of basal HPA axis activity (Kuehner et al.
2007; Marsman et al. 2008; Wirtz et al. 2007). Hellhammer
et al. (2007) suggest that to reliably estimate the trait
components of HPA axis activity, the cortisol awakening
response should be assessed with four measurements on at
least two consecutive days. Thus, the inconsistent results
regarding basal HPA axis activity and aggression may in
fact be due to differing situational inﬂuences as well as
differences in the time of cortisol assessment.
In summary, no clear relationship between basal HPA
axis activity and aggressive behavior in humans has
emerged, but there is some evidence for an acute increase in
HPA axis activity in healthy males following aggression.
Although it is important to understand the developmental
pathwaysandthebiologicalmarkersofaggressioninclinical
groups, most of the problems for society may result from
escalated conﬂict situations involving healthy individuals
(Nelson and Trainor 2007). Therefore, additional studies
with healthy male and female subjects are necessary.
The aim of this study was to elucidate the relationship
between basal and acute HPA axis activity and aggressive
behavior in a group of healthy students. We chose a
modiﬁed version of the Taylor Aggression Paradigm, also
known as the competitive reaction time task, to induce and
measure aggressive behavior in our subjects (Taylor 1967).
This paradigm has been extensively validated (Anderson
and Bushman 1997; Bernstein et al. 1987; Giancola and
Zeichner 1995). We measured the cortisol awakening
response on three consecutive days in a group of healthy
subjects to obtain a reliable index of trait components of
HPA axis activity. In an experimental session, we provoked
aggressive behavior with the Taylor Aggression Paradigm
and measured acute HPA axis activity. We expected a rise
in cortisol levels in the provoked group and, within the
provoked group, a relationship between the extent of
aggressive behavior and the rise in cortisol levels. Fur-
thermore, we predicted that basal HPA axis activity would
be negatively correlated with aggressive behavior.
Methods
Subjects
Twenty students of the University of Trier, Germany (10
femaleand10male,meanage23,SD2.7,range20–29)took
part in the study. All subjects were right-handed. Only non-
smokers were included, since smoking is known to affect
HPA axis activity (Granger et al. 2007). Furthermore, they
were physically and psychologically healthy with no history
of psychiatric disorders. To control for hormonal status in
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123females, only those using hormonal contraceptives were
included in the study. The experiment was conducted in
accordance with the Declaration of Helsinki. The Research
Ethics Committee of the University of Trier approved the
study, and all subjects gave written informed consent. Sub-
jects were compensated with 30€ (approximately US $40).
The Taylor Aggression Paradigm
Aggression was elicited with the Taylor Aggression Para-
digm. Subjects were led to believe that they were playing a
competitive reaction time task against another subject of the
same sex, who they met before the start of the experiment.
Thegameconsistedof30trialsdividedinto3blocksof10.In
each trial, subjects were instructed to react as quickly as
possible to a green square by pressing a key. Subjects were
informedthatwhoeverlostagiventrialwouldreceiveablast
of noise from the winner. Prior to each trial, subjects were
directed to select the duration and volume of the noise to be
presentedtotheircompetitor.Noisedurationcouldbevaried
between 0 s (level 0) and 5 s (level 10) in 0.5 s increments.
Volume varied between 60 dB (level 1) and 105 dB (level
10) in 5 dB increments. Level 0 on the volume scale corre-
sponded to 0 dB. After each trial, feedback about the out-
come of the trial was presented on the screen (i.e., whether
the subject won or lost). Unknown to the subjects, there was
no actual ‘competitor’. The outcome of the trials was held
constant for all subjects (i.e., each subject won and lost half
of the trials). Additionally, noise volume and duration were
selected by the experimenter and varied by trial block.
During the ﬁrst block, all subjects received short and gentle
noises when they lost a trial (volume: M = 62.5 dB, range
0–70 dB; duration: M = 0.75 s, range 0–1.5 s). Subjects in
the non-provoked control group received the same noises
during the second and third blocks. Subjects in the provoked
group received noises of intermediate intensity and duration
in the second block (volume: M = 82.5 dB, range 75–
90 dB; duration: M = 2.75 s, range 2–3.5 s) and high
intensity and duration in the third block (volume:
M = 99 dB, range 90–105 dB; duration: M = 4.4 s, range
3.5–5 s). The duration and volume settings of the subjects
were recorded in each trial on the scales from 0 to 10. An
average was computed for each subject and each trial of the
volume anddurationsetting.Finally, theten trialsbelonging
to one block of the Taylor Aggression Paradigm were aver-
aged for each subject. These values were later used as the
dependent variable ‘‘aggressive behavior’’.
Acute HPA axis activity
During the experiment, salivary cortisol samples were
collected once prior to the induction of aggression and
three times after. Subjects obtained native saliva in 2-ml
reaction tubes (Sarstedt, Nu ¨mbrecht, Germany). Collection
tubes were positioned on the table in front of the subject
and sampling instructions were given via computer.
Immediately following the experiment, samples were fro-
zen for biochemical analysis. Salivary cortisol was ana-
lyzed with a time-resolved immunoassay with ﬂuorescence
detection as described in detail elsewhere (Dressendo ¨rfer
et al. 1992). Intra- and interassay variability was less than
10 and 12%, respectively.
Basal HPA axis activity
To obtain a reliable trait measure of HPA axis activity, the
cortisol awakening response was assessed on three con-
secutive weekdays prior to the experiment (Hellhammer
et al. 2007). Subjects collected samples of native saliva at
home each day at awakening and 30, 45, and 60 min later.
Awakening time was arranged between 6:00 hours and
8:00 hours for all subjects since awakening time has been
shown to inﬂuence the cortisol awakening response (Ku-
dielka and Kirschbaum 2003). We tried to choose a time
that ﬁtted into the routine of each subject. In addition, time
of awakening was held constant intraindividually over the
3 days. During the sampling period, subjects drank nothing
but water and refrained from brushing their teeth, eating
and exercising. The subjects stored all samples in the
refrigerator or freezer until returning them to our laboratory
on the day of the experiment. These samples were analyzed
in the same manner as those obtained during the experi-
ment (see ‘‘Acute HPA axis activity’’).
We chose to compute the area under the curve with
respect to ground (AUCG) of the cortisol awakening
response as a trait measure of HPA axis activity (Hell-
hammer et al. 2007). AUCG was calculated by the formula
reported in Pruessner et al. (2003) and represents the entire
area under the cortisol awakening response with respect to
ground. The AUCG was calculated for each subject and day
and then averaged over the 3 days to form one reliable
indicator of basal HPA axis activity for each subject.
AUCG for 19 subjects were included in the analysis, 9 in
the non-provoked control and 10 in the provoked group.
One subject was excluded due to lack of compliance with
the sampling schedule on all 3 days. Compliance was
deﬁned as a deviation of no more than 10 min from the
targeted time for the ﬁrst and 7 min for the other samples
(Kudielka and Kirschbaum 2003). Additionally, the
AUCGs of two subjects (one from each group) were aver-
aged across only 2 days due to non-compliance on the third
day. Their data were retained since the reliability of the
AUCG when averaged over 2 days was still acceptable
(Hellhammer et al. 2007). Exclusion of these values
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0.34 and 0.65. This is consistent with values reported by
others (Wu ¨st et al. 2000b).
Procedure
All subjects were examined individually. We invited the
subjects to a preliminary interview, in which we checked
the exclusion criteria and informed them of the aim of the
study and the procedure. Subjects were told that we wanted
to assess the relationship between the steroid hormone
cortisol, personality and the perception of and reaction to
visual stimuli. The cortisol sampling and experimental
procedures were also described. Eligible subjects received
sampling devices and a protocol to record sampling times,
as well as speciﬁc instructions concerning sleep and wake-
up times on the night preceding and the morning of the
sampling. Participants also received a battery of personality
questionnaires to ﬁll out at home. We further emphasized
the necessity to adhere to the written instructions and
sampling times.
The experiment was conducted between 13:00 hours
and approximately 19:00 hours, beginning at 13:00 hours,
15:00 hours and 17:00 hours, where endogenous cortisol
levels are low (Schreiber et al. 2006). The 20 subjects were
randomly assigned to the provoked or non-provoked con-
trol condition, all the while keeping sex balanced across
groups (5 males and females in each group). Upon arrival
at the laboratory, each subject returned the questionnaires
and cortisol samples and was introduced to another subject
of the same sex (i.e., a confederate) with whom he or she
was to play a computer game during the experiment.
Subjects were then seated in a dimly lit, sound-attenuated
room, 1 m from the computer screen. A computer key-
board and the tubes for the collection of salivary cortisol
were on a table in front of them.
Each subject was ﬁtted with an EEG-recording device
(results reported elsewhere). All instructions were pre-
sented via computer. Subjects ﬁrst gave a salivary cortisol
sample (C1, baseline measurement). Next, they completed
the Taylor Aggression Paradigm, which lasted for about
10 min. Following the aggression task, subjects gave a
second cortisol sample (C2, ?15 min after baseline).
Finally, all subjects completed a non-stressful task for
approximately 20 min and after this gave a third cortisol
sample (C3, ?35 min) and another one about 10 min later
(C4, ?45 min). Following completion of the session, all
subjects were extensively debriefed, thanked and com-
pensated for their participation. All experimental stimuli
were presented and all reactions were recorded with
E-Prime
 experiment presentation software (Psychological
Software Tools, Pittsburgh, PA). The entire laboratory
session lasted approximately 90 min.
Statistical analyses
Basal HPA axis activity and aggressive behavior
To examine the effect of the induction of aggression,
repeated measures analysis of variance was conducted.
Block of the Taylor Aggression Paradigm was entered as
the within-subjects factor, group (i.e., provoked vs. non-
provoked) was entered as a between-subjects factor and
aggressive behavior as the dependent variable. Further-
more, we included gender as a control factor, but for lack
of subjects in each cell excluded interactions with other
variables in the model. AUCG of the cortisol awakening
response was added as a continuous factor to check for
main and interaction effects concerning basal cortisol
levels and aggressive behavior. Since the values of the
AUCG were not skewed in the entire sample or in the two
groups, the values were not log transformed prior to anal-
ysis. However, the covariate AUCG was z-standardized
(Aiken and West 1991).
Acute cortisol levels and aggressive behavior
We performed an ANOVA with the between-subject factor
group, the within-subject factor time of cortisol measure-
ment and cortisol level as the dependent variable to check
whether cortisol levels increased in the provoked group due
to provocation. Additionally, we controlled for gender and
time of experiment (13, 15, 17 h). Since the salivary cor-
tisol measures taken during the experiment (C1–C4) were
slightly skewed, they were log transformed prior to anal-
ysis. Since we found differences in our sample with respect
to cortisol levels at baseline (C1) in the analysis of vari-
ance, we conducted an additional univariate analysis of
covariance with the factor group and cortisol levels after
the induction of aggression procedure (C3, 20 min after
induction of aggression) as the dependent variable with
cortisol levels at baseline included as a covariate. Addi-
tionally, we correlated aggressive behavior with the change
in cortisol levels from before to after the Taylor Aggression
Paradigm in the provoked group to analyze whether the
amount of aggression in this group was related to an
increase in cortisol levels. Since it takes about 20–30 min
after a stressor for cortisol levels to reach their peak in
saliva (Kirschbaum and Hellhammer 1989), the difference
between sample C3 (20 min after the induction of
aggression) and the baseline sample C1 was calculated.
Note that for better interpretation, Fig. 3 shows original
non-transformed cortisol values as the mean ± standard
error of the mean (SEM).
For the ANOVAs, the degrees of freedom were Huynh–
Feldt corrected if the assumption of sphericity was violated
and only adjusted results are reported (Huynh and Feldt
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1231976). We calculated Hays’ x
2 as an effect size measure
(Hays 1974). An effect of 1% is considered small, 5% is
considered medium and 14% is considered a large effect
(Cohen 1988). In case of signiﬁcant effects, we used
Dunn’s multiple comparison procedure as well as Pear-
son’s correlations as post hoc tests. Statistical analyses
were conducted with SPSS for Windows (Version 14.0,
SPSS Inc.). The statistical signiﬁcance level was set to
a = 0.05.
Results
Subjects’ characteristics
Table 1 shows a comparison of subjects from the provoked
and non-provoked control group. Subjects assigned to
either condition of the Taylor Aggression Paradigm did not
differ in demographic variables, time of experiment, wake-
up time, sleep duration, cortisol increase from 0 to 30 min
post-awakening and area under the curve AUCG of the
cortisol awakening response.
Manipulation check: aggressive behavior in the Taylor
Aggression Paradigm
The means and standard errors for each group and block
are presented in Fig. 1. The provoked group displayed
generally more aggressive behavior (M = 3.39, SEM =
0.30) than the non-provoked control group (M = 2.30,
SEM = 0.31). This was especially the case for the second
and third block of the Taylor Aggression Paradigm. The
main effects of group (F(1,14) = 6.37, P = 0.024,
x
2 = 0.22) and of block of the Taylor Aggression Para-
digm (F(2,28) = 13.43, P = 0.000, x
2 = 0.30) were
signiﬁcant and large, as was the interaction group 9 block
of the Taylor Aggression Paradigm (F(2,28) = 8.40,
P = 0.003, x
2 = 0.21). Post hoc tests showed that the
provoked group was signiﬁcantly more aggressive than the
non-provoked control group in blocks 2 and 3. Further-
more, within the provoked group, all blocks were signiﬁ-
cantly different from one another, with subjects being least
aggressive in block 1 and most aggressive in block 3. The
non-provoked control group showed low levels of aggres-
sion throughout the experiment.
Basal cortisol levels and aggressive behavior
The cortisol awakening response was robust on all 3 days.
Cortisol levels increased on average 75% from awakening
to 30 min after, which is above average (Wu ¨st et al.
2000b).
The area under the curve of the cortisol awakening
response could explain a majority of the variance of
Table 1 Characteristics of the subjects in the provoked group and non-provoked control group (n = 20)
Provoked Non-provoked Statistical test value Pv alue
M (%) (SD) M (%) (SD)
Age (years) 23.50 (2.87) 22.60 (2.50) t (18) = 0.75 0.465
% Women 50 50 v
2 (18) = 0.00 1.00
Time of experiment (h) 14:12 (01:24) 15:24 (01:35) t (18) =- 1.80 0.089
Wake-up time (h)
a 07:04 (00:38) 07:02 (00:33) t (17) = 0.12 0.905
Sleep duration (h)
a 06:26 (00:55) 06:36 (01:08) t (17) =- 0.37 0.716
Mean increase (nmol/l)
a,b 5.90 (2.92) 6.19 (3.71) t (17) =- 0.19 0.853
AUCG (nmol/l)
a,c 777.96 (126.81) 752.91 (179.38) t (17) = 0.32 0.754
a n = 19
b Mean increase = mean cortisol increase from 0 to 30 min post-awakening
c AUCG = area under the curve with respect to ground of the cortisol awakening response
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Fig. 1 Aggressive behavior over the three blocks of the Taylor
Aggression Paradigm in the provoked group and the non-provoked
control group. Values are means ± SEM
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123aggressive behavior seen in the provoked group. Although
there was no main effect of AUCG (F(1,14) = 1.04,
P = 0.325), it interacted signiﬁcantly with group
(F(1,14) = 14.64, P = 0.002, x
2 = 0.42). Post hoc Pear-
son correlations revealed a signiﬁcant negative relationship
between AUCG and aggressive behavior in the provoked
group (r =- 0.82, P = 0.003), displayed in Fig. 2. In the
non-provoked control group, this correlation was positive,
but not signiﬁcant (r = 0.53, P = 0.144). No other main or
interaction effects with AUCG were found (all F’s\2.72,
all P’s[0.098). The same results were obtained, when
AUCG was log transformed prior to analysis.
Acute cortisol levels and aggressive behavior
Cortisol levels only increased slightly in the provoked
group. The means and standard errors of the cortisol
measurements in both groups are presented in Fig. 3. There
was a signiﬁcant interaction effect of time of cortisol
measurement and group (F(3,45) = 4.67, P = 0.012,
x
2 = 0.12). However, post hoc tests indicated that the
non-provoked control group had higher cortisol levels at
baseline and time point C2 than the provoked group. Fur-
thermore, within the non-provoked control group, cortisol
levels decreased signiﬁcantly over time from baseline to
samples C3 and C4. The increase in the provoked group
was not signiﬁcant. The univariate analysis of covariance
comparing the two groups at time point C3, while con-
trolling for baseline levels was, however, highly signiﬁcant
(F(1,16) = 10.05, P = 0.006, x
2 = 0.32), with higher
cortisol levels in the provoked group. Neither the main
effect of group (F(1,16)\1) nor the main effect of time of
cortisol measurement (F(3,45) = 1.91, P = 0.159) were
signiﬁcant. Furthermore, the difference in cortisol levels in
the provoked group from before (C1) to after the Taylor
Aggression Paradigm (C3) was not related to the amount of
aggressive behavior: neither aggressive behavior averaged
over all blocks (r = 0.04, P = 0.911) nor in any one block
(-0.06\all r\0.31, all P[0.385).
Discussion
The purpose of the present study was to analyze the rela-
tionship between aggressive behavior and basal as well as
acute HPA axis activity. We experimentally induced
aggressive behavior with the Taylor Aggression Paradigm
and related the displayed aggressive behavior to basal and
acute HPA axis activity levels in healthy subjects. Overall,
subjects in the provoked group exhibited more aggressive
behavior than the non-provoked controls. There was a
signiﬁcant decrease in cortisol levels in the non-provoked
subjects that was absent in the provoked group, leading to
signiﬁcantly higher cortisol levels in the provoked group
after the induction of aggression, when baseline cortisol
levels were controlled for. Additionally, basal HPA axis
activity accounted for a large portion of the variance in
aggressive behavior within the provoked group. In the
following section, we will ﬁrst review the data from the
Taylor Aggression Paradigm. We will then discuss
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123the results with respect to the acute levels of HPA axis
activity and aggressive behavior, after which we will
address the results of basal HPA axis activity and aggres-
sive behavior.
Results indicate that the induction of aggression with the
Taylor Aggression Paradigm was successful. Subjects in
the provoked group reacted more aggressively during
blocks 2 and 3 than those in the non-provoked control
group. Aggressive behavior also signiﬁcantly increased
over the three blocks in the provoked group. The interac-
tion of group and block of the Taylor Aggression Paradigm
accounted for 21% of the behavioral variance.
The interaction of group and time of cortisol measure-
ment was signiﬁcant, but this effect was due to differences
in baseline cortisol levels and changes within the non-
provoked control group. Speciﬁcally, cortisol levels in the
non-provoked control group were higher at the beginning
and decreased signiﬁcantly over the course of the experi-
ment, whereas cortisol levels in the provoked group
remained stable for the entire time. Since participants were
randomly assigned to the two groups, the small number of
participants may have contributed to this effect. When
controlling for these baseline differences in cortisol levels
between groups, there was a signiﬁcant and large differ-
ence in cortisol levels after the induction of aggression,
with higher levels in the provoked group. Whereas the
decrease observed in the non-provoked control group may
represent the normal afternoon decline in cortisol levels,
the absence of a decrease in cortisol levels in the provoked
group may indicate enhanced activity of the HPA axis
(Reuter 2002). However, in contrast to other studies (Gerra
et al. 2007), we did not ﬁnd a correlation between
aggressive behavior and the amount of cortisol increase. A
reason for these discrepant results could be our choice of
the Taylor Aggression Paradigm to induce aggression. The
Taylor Aggression Paradigm was shorter in duration than
the task used by Gerra et al. and might as such have been
less stressful. This is supported by another study that used
the Taylor Aggression Paradigm and assessed acute HPA
axis activity (Berman et al. 1993), which also found no
increase in cortisol levels in the provoked group.
Basal HPA axis activity was signiﬁcantly and negatively
related to aggressive behavior in the provoked group and
accounted for as much as 67% of the variance in aggressive
behavior across all blocks. Subjects with lower levels of
basal HPA axis activity chose higher and longer noise
settings for their opponents on being provoked. As dem-
onstrated in a study with animals, chronically low basal
glucocorticoid levels have been linked to extreme forms of
aggression. For example, Halasz et al. (2002) showed that
glucocorticoid deﬁciency was associated with changes in
neural functioning, including a heightened activation of the
central amygdala. This might lead to social deﬁcits, where
ambiguous or neutral situations are misinterpreted and thus
lead to a lower threshold for aggressive behavior. Indeed,
changes in social information processing, especially of
ambiguous social stimuli, have been documented in highly
aggressive children (Milich and Dodge 1984). We specu-
late that in our healthy subjects the same mechanisms
might be involved, only in a less severe manner. Subjects
with low basal HPA axis activity may be more sensitive to
situational provocation and react more aggressively than
subjects with higher basal HPA axis activity. In contrast,
this negative relationship between aggressive behavior
and basal HPA axis activity was not present in the non-
provoked control group, where the correlation was positive,
albeit non-signiﬁcant. Qualitative differences between
aggressive behavior in the two groups may explain these
different associations with basal HPA axis activity, since
aggressive behavior in the provoked group was more of a
reactive kind compared to that in the non-provoked group,
which was also generally lower (Bettencourt et al. 2006).
Several studies have noted different underlying biological
mechanisms for these aggression subtypes (Nelson and
Trainor 2007; Stru ¨ber et al. 2008). This has also been
recently shown for the HPA axis (Lopez-Duran et al.
2009), in that HPA axis reactivity to stressful situations in
children was positively related to reactive, but not to pro-
active aggression. By extension, it seems likely that low
basal HPA axis activity may lead to heightened reactive
aggression in situations involving provocation, but may
impede the elicitation of (proactive) aggression in non- or
only low provoking situations. However, the positive cor-
relation for proactive aggression displayed by the non-
provoked control group needs to be validated with a larger
sample.
When interpreting the results of the present study,
several limitations have to be kept in mind. First, we chose
to analyze a relatively small number of subjects. However,
even with this small sample, a signiﬁcant and large effect
of basal HPA axis activity and aggression was observed in
the provoked group. Second, we could not analyze the
interaction effects of sex with other independent variables
since the amount of subjects in each cell was too low. But,
we controlled for sex effects by having an equal amount of
men and women in each group and by including this factor
as a covariate into the analysis. Third, as discussed above,
the provocation we used was relatively mild compared to
other experimental settings, which have previously been
used to activate the HPA axis, or real world conﬂict situ-
ations. While this may explain our lack of ﬁndings for an
increase in cortisol, we did ﬁnd a signiﬁcant difference
between the two groups, in that the provoked group had
higher levels than the non-provoked control group when
controlling for baseline levels. Furthermore, the signiﬁcant
differences observed in aggressive behavior between the
HPA axis and aggressive behavior 635
123provoked and non-provoked control group suggest that the
task was effective.
This is the ﬁrst time that the relationship between the
trait components of HPA axis activity and aggressive
behavior was analyzed experimentally in a group of heal-
thy subjects. When trait aspects of basal HPA axis activity
are reliably assessed, large effects on aggressive behavior
within healthy adults can be observed in provoking situa-
tions. The study further underlines the importance of dis-
tinguishing between basal and acute HPA axis activity,
since both relate to aggressive behavior in different ways,
and of measuring them accordingly.
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